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We investigated a large outbreak of Salmonella enter-
ica serotype Javiana among attendees of the 2002 U.S.
Transplant Games, including 1,500 organ transplant recip-
ients. Web-based survey methods identified pre-diced
tomatoes as the source of this outbreak, which highlights
the utility of such investigative tools to cope with the chang-
ing epidemiology of foodborne diseases.
T
he epidemiology of foodborne illnesses is influenced
by a variety of factors, some of which have changed
dramatically in recent years. The increased availability of
preprocessed foods and the improved survival of persons
with immune defects have affected the sources and nature
of foodborne illness (1–4). Increased mobility of
Americans through interstate travel has complicated the
identification and investigation of outbreaks. New tech-
nologies for outbreak investigation have the potential to
greatly assist public health officials in successfully manag-
ing these changing factors. We describe an outbreak of
Salmonella enterica serotype Javiana infections affecting a
large group of geographically dispersed organ transplant
recipients. The prompt and successful investigation of this
outbreak was facilitated by the use of Web-based surveys.
The Study
On July 16, 2002, the Minnesota Department of Health
identified 2 cases of S. Javiana infection among persons
who attended the 2002 U.S. Transplant Games, an
Olympics-style athletic competition among recipients of
solid organ and bone marrow transplants that was held June
25–29 at theme park A in Orlando, Florida. Isolates from
the 2 patients were indistinguishable when subtyped by
pulsed-field gel electrophoresis (PFGE). Approximately
6,000 people, including 1,500 transplant recipient athletes,
attended the 2002 Transplant Games.
To identify additional cases, state health departments
were asked to report any S. Javiana isolates with a PFGE
pattern indistinguishable from the outbreak strain. To
develop hypotheses about potential sources of infection,
we conducted in-depth telephone interviews with several
persons who were identified with culture-confirmed ill-
ness.
On the basis of interview results, we conducted a Web-
based cohort study among Transplant Games attendees to
identify risk factors for infection by using eQuest, a soft-
ware package developed by the Centers for Disease
Control and Prevention (CDC) that allows rapid develop-
ment of Web-based surveys (5). Using email addresses
provided to us by the Transplant Games organizers, we
electronically distributed a message on July 20 to attendees
(including athletes and spectators), requesting that they
complete an outbreak survey. We included information
about salmonellosis and its treatment and provided a link
in the email to the secure Web site containing the outbreak
survey. In each survey respondent’s household, we collect-
ed information for a single person visiting Orlando,
regardless of whether he or she had been ill. A case was
defined as fever or diarrhea with onset between June 25
and July 7 in a person who visited Orlando. Submitted
answers were automatically stored in a secure electronic
database and linked only to a random survey number.
To identify the specific food item responsible for ill-
ness, we performed a Web-based case-control study. On
July 31, we distributed a survey containing detailed ques-
tions about specific food items available in theme park A
to persons who had responded to the first survey. Case-
patients were questioned about food items eaten in the 3
days before illness onset. Controls were defined as well
survey respondents, and all were questioned about the
middle 3 days of the Transplant Games (June 26–28).
Plant X, the processing plant that supplied tomatoes to
theme park A, was inspected on August 13. Molecular sub-
typing of confirmed S. Javiana isolates was performed at
state public health laboratories (6). Diced Roma tomatoes
from unopened boxes that had been stored frozen at theme
park A were cultured at the Florida State Public Health
Laboratory.
Statistical analyses were conducted by using SAS soft-
ware version 8.2 (SAS Institute Inc., Cary, NC, USA) to
calculate odds ratios (OR) and 95% confidence intervals
(CI). Multivariable logistic regression analyses were con-
ducted for variables that were significantly associated with
illness.
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Javiana infections with indistinguishable PFGE patterns
were identified in 10 states, for a total of 23 identified cul-
ture-confirmed cases. Dates of illness onset were from
June 24 to July 8. Of 22 patients for whom travel informa-
tion was collected, 19 reported visiting theme park Ain the
last week of June; 16 visited theme park A but did not
report any contact with the Transplant Games, which sug-
gests a true outbreak of S. Javiana infections among visi-
tors to the theme park.
An electronic link to the Web-based cohort study survey
was distributed on July 20, 2002, to 1,100 Transplant
Games attendees. Among these 1,100, we received survey
responses from 369 persons (34%) in 42 states; 80%
responded within 48 hours. Of the 369, a total of 82 (22%)
reported illness and 41 (53%) were female. The median age
of ill respondents was 47 years (range 4–71 years); 48
(59%) were transplant recipients. Dates of symptom onset
were June 26–July 7 (Figure). Predominant symptoms
included diarrhea (93%), abdominal pain (79%), and fever
(51%). Three respondents (4%) had been hospitalized. No
deaths were reported to the organizers of the Transplant
Games or CDC. Among ill respondents, 75 (91%) reported
eating food items at specific food courts in theme park A.
The Web-based case-control study was distributed on
July 31 to the 369 persons who responded to the first sur-
vey. By August 2, a total of 222 persons (60%) responded.
Of 217 valid responses, 41(19%) were ill persons who met
the case definition; the remaining 176 were healthy con-
trols. Ill persons were significantly more likely to report
eating dishes containing diced Roma tomatoes than were
well persons (44% of ill vs. 15% of well, OR = 4.3, 95%
CI 2.1–9.1). Other food items that were significantly asso-
ciated with illness on univariate analysis were dishes con-
taining shredded iceberg lettuce (OR = 3.7, 95% CI
1.8–7.4), pre-shredded cheddar cheese (OR = 2.9, 95% CI
1.5–5.9), fresh ground beef (OR = 3.0, 95% CI 1.4–6.4),
and pre-sliced beefsteak tomatoes (OR = 4.6, 95% CI
1.1–19.4) (Table). In multivariable logistic regression
modeling, only diced Roma tomatoes remained independ-
ently associated with illness at the 0.05 significance level.
Diced Roma tomatoes were supplied to theme park A
from plant X, where whole Roma tomatoes were mechan-
ically diced and washed in a manually chlorinated recycled
water tank. Levels of chlorine in the tank were variable
(≈1.5–3.5 ppm free chlorine), providing potential opportu-
nity for the amplification of any existent microbial con-
tamination. Review of invoices showed that diced Roma
tomatoes used in food courts patronized by persons with
outbreak-related illness were processed at plant X from
June 20 through July 3. No diced tomatoes from the impli-
cated lots were available for testing. Microbiologic evalu-
ation of an unopened box of plant X diced Roma tomatoes
processed on July 12 indicated the presence of fecal col-
iforms (150–1,000 CFU/g).
Conclusions
The nature of this outbreak highlights several changing
features of foodborne disease epidemiology, including the
enhanced mobility of persons through air travel, an
increasing reliance on pre-processed foods, and an expand-
ing immunocompromised population at risk. Through a
Web-based investigation, we were able to rapidly identify
the source of this outbreak and inform an immunocompro-
mised population of its potential risk for illness. Our
approach allowed us to contact and question several hun-
dred geographically dispersed persons in a matter of days.
Survey respondents’ answers were automatically stored in
a secure electronic database, eliminating the need for data
entry. With the development of questionnaire templates, a
public health official could select sets of questions and pre-
coded answers from pull-down menus and modify them to
design an outbreak-specific, Web-based questionnaire that
is automatically linked to an electronic database (5). These
methods make it increasingly possible to design and post a
Web-based investigative tool for wide distribution within
hours.
Our investigation has several limitations. Use of a
Web-based investigation tool limited responses to only
those Transplant Games attendees with known email
addresses and Internet access. The initial response rate to
our survey was only 34%; households with ill persons may
have been more likely to respond to our Web-based survey.
However, most (>75%) respondents to both surveys were
from households in which no one had experienced illness,
which provided us with a sufficient number of responses
from both well and ill persons to identify the source of the
outbreak. Hospitalized and severely ill persons may have
been too sick to respond to the survey or may have been
unable to access the Internet, which limited our ability to
calculate accurate hospitalization or attack rates among
persons attending the Transplant Games. Although isola-
tion of S. Javiana from plant X diced tomatoes would have
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Figure. Diarrheal illness among attendees of the 2002 U.S.
Transplant Games in Orlando, Florida.strengthened our findings, the tomatoes tested were
processed well after the outbreak period, when levels of
contamination may have differed considerably.
As use of the Internet becomes more widespread for
participation in regional, national, and international con-
ferences, groups, and listservs, electronic mail cohorts are
becoming more commonplace. The development of Web-
based public health investigative tools can facilitate future
investigations of outbreaks affecting geographically dis-
persed persons who may be part of an electronic mail
cohort. A Web-based approach to data collection can also
play a critical role in rapidly sharing data in outbreaks
involving multiple jurisdictions (7). The growing use of
Web-based technologies in public health investigations
will have to be balanced with the need to protect the priva-
cy of personal information in the online environment (8,9).
The careful application of emerging technologies and con-
ventional epidemiologic techniques can help public health
officials effectively cope with the multitude of changing
factors that shape public health in the United States.
Acknowledgments
We are indebted to the National Kidney Foundation, the
organizers of the Transplant Games, for their valuable support
and assistance with this investigation. We also thank the many
athletes, donors, family members, and transplant professionals in
the transplant community who responded to our surveys,
Michelle Huddle for her assistance with case finding and data
collection, and Roger Mead for piloting software. 
This investigation had no outside financial support.
Dr. Srikantiah completed this work while she was an
Epidemic Intelligence Service Officer assigned to the Foodborne
and Diarrheal Diseases Branch at CDC. She is currently a clini-
cal fellow in the Division of Infectious Diseases and a postdoc-
toral fellow at the Center for AIDS Prevention Studies at the
University of California, San Francisco. Her primary research
interest is in the epidemiology of HIV and tuberculosis coinfec-
tion in the developing world.
References
1. Altekruse SF, Cohen ML, Swerdlow DL. Emerging foodborne dis-
eases. Emerg Infect Dis. 1997;3:285–93.
2. Institute of Medicine. Ensuring safe food from production to con-
sumption. 1st ed. Washington: National Academy Press; 1998.
3. Morris JG Jr, Potter M. Emergence of new pathogens as a function of
changes in host susceptibility. Emerg Infect Dis. 1997;3:433–41.
4.  Institute of Medicine. Emerging infections: microbial threats to
health in the United States. 1st ed. Washington: National Academy
Press; 1992.
5. Kass-Hout TA, Mead PS, Fry A, Painter J, Stover C, Massoudi B.
EQuest, a rapid Web-based outbreak investigation solution. In:
American Medical Informatics Association 2003 symposium.
Washington: The Association; 2003.
6. Centers for Disease Control and Prevention. Standardized molecular
subtyping of foodborne bacterial pathogens by pulsed-field gel elec-
trophoresis: training manual. Atlanta: The Centers; 2000.
7. Gerberding JL. Faster... but fast enough? Responding to the epidem-
ic of severe acute respiratory syndrome. N Engl J Med. 2003;
348:2030–1.
8. Klausner JD, Wolf W, Fischer-Ponce L, Zolt I, Katz MH. Tracing a
syphilis outbreak through cyberspace. JAMA. 2000;284:447–9.
9. Privacy in the digital age: oversight hearing on electronic communi-
cation privacy policy disclosure before the Subcomm. on Courts and
Intellectual Property of the House Judiciary Comm. (May 27, 1999).
Available from http://www.cdt.org/testimony/990527berman,shtml
Address for correspondence: Paul S. Mead, Bacterial Zoonoses Branch,
Division of Vector-Borne Infectious Diseases, National Center for
Infectious Diseases, Centers for Disease Control and Prevention, PO Box
2087, Fort Collins, CO 80522, USA; fax: 970-225-4257; email:
pmead@cdc.gov
DISPATCHES
612 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 11, No. 4, April 2005